Speciation of nickel in a hyperaccumulating plant by high-performance liquid chromatography-inductively coupled plasma mass spectrometry and electrospray MS/MS assisted by cloning using yeast complementation.
A novel analytical approach based on a combination of multidimensional hyphenated techniques and cloning of the Ni-resistance gene using yeast complementation screens was developed for the identification of nickel species in a Thlaspi caerulescens hyperaccumulating plant. The presence of an unknown strong Ni complex was demonstrated by size exclusion HPLC-capillary electrophoresis with ICPMS detection. The Ni-containing peak was characterized by electrospray MS (m/z 360) and shown by collision-induced dissociation MS to be a chelate with a tricarboxylic amino acid ligand. To identify the species and demonstrate its functional character, a cDNA library was constructed from T. caerulescens, expressed in the yeast, and screened on a toxic Ni2+ medium. The extract from the surviving transformant culture gave identical HPLC-ICPMS, CZE-ICPMS, and ES MS/MS data and contained a cDNA insert homologous to the nicotianamine synthase gene. This observation allowed the identification of nicotianamine as the nickel-binding ligand. The presence of the Ni-nicotianamine complex was ultimately demonstrated by comparing tandem mass spectra of the plant and yeast extracts with those of a synthetic standard.